Summary Natural products from flora have been largely used in popular medicine for centuries. The development of tests to measure mutagenic activity of chemicals has been helpful to increase security and safety of different compounds, including natural products. The present study was carried out to evaluate the mutagenic effects of a water-ethanolic crude extract obtained from Pothomophe umbellata aerial parts on Rattus norvegicus cells in vivo, using the comet (SCGE) and micronucleus (MN) assay. Animals were treated orally with three different concentrations of the extract (500, 1000 and 1500 mg/ kg) and sacrificed 24 hours after treatments. The results have shown that the extract of P. umbellata did not induce statistically significant increases in the average numbers of DNA damage in hepatic cells and MN in bone marrow cells. However, a significant increase of DNA damage in peripheral blood cells has been noticed.
Potomorphe umbellata (L.) Miq. (Piperaceae) [syn. Heckeria umbellata (L.) Kunth., Piper umbellata L., Piper hilarianum Stend.]-is a common annual plant and found growing up to 1.5 m high. It has large round leaves, with thin branches and small conical flowers no more than 10 cm long. It is known in Brazil as "caapeba", "caapeba do norte", or "pariparoba" (Stasi 1989 , Almeida 1993 . Some of its therapeutic properties have been described, including analgesic, diuretic and anti-spasmodic activities. It has also been used for the treatment of a variety of ailments including inflammatory disorders, malaria, asthma and gastro-intestinal diseases (Hammer and Johns 1993 ). An extract of Pothomorphe umbellata leaves has shown analgesic and sedative effects in rat models (Pupo 1988 ) and its anti-inflammatory and analgesic properties were recently investigated and confirmated on pre-clinical assays (Perazzo et al. 2005 ). An evaluation of the leaves extract against malaria in mice has shown a significant reduction of parasitemia in a dose dependent manner (Amorin et al. 1988) . However, in a subsequent study, results were inconclusive (Ferreira-da-Cruz et al. 2000) . The major compounds of P. umbellata aerial parts extract are 4-nerolidylcatechol (Kijjoa et al. 1980 ) and phytosterols, including sitosterol, campesterol and stigmasterol (data not published).
An investigation of the mutagenic effects of Pothomorphe umbellata and Pothomorphe peltata ethanolic extracts using the Salmonella/mammalian-microsome assay revealed that both plant species showed absence of mutagenic activity (Felzenszwalb et al. 1987) .
In view of the potential therapeutic uses of P. umbellata extract and the absence of any data on its genetic damage in eukaryotes, the present study was undertaken to evaluate the potential muta-genic effects of this extract in terms of not repaired DNA damage in hepatic and peripheral blood cells and induction of micronuclei in bone marrow cells of Wistar rats in vivo.
Materials and methods

Plant material
Leaves of Pothomorphe umbellata L. were collected in March 2003, in the campus of the University of São Paulo, Ribeirão Preto, SP, Brazil. A voucher specimen has been deposited at the Botanic Department Herbarium (Universidade Estadual de Campinas-Unicamp) under registration number UEC 127123.
Extract preparation
Leaves (500g) of P. umbellata were air dried at 40°C, powdered and extracted by maceration with water-ethanolic solution (70.0%) during 2 d. The macerate was filtered, and the extraction procedure repeated. The concentration of the combined extracts under reduced pressure furnished 112 g (yield 22.47%) of crude water-ethanolic extract.
Chemicals
The alkylating agent cyclophosphamide (CPA, CAS: C 0768, Sigma) was used as the DNA damaging agent. It was dissolved in Ca 
Animals and assay procedures
The Bioethical Committee of the UNIFENAS has approved the present study on March 17th, 2004.
Experiments were carried out on six-week-old Wistar rats (Rattus norvegicus), weighing approximately 100 g. The animals were acquired from the Biotery of the University of Alfenas (UNIFENAS), kept in polyethylene boxes (nϭ6), in a climate-controlled environment (25Ϯ4°C, 55Ϯ5% humidity), light/dark controlled every 12 h (7 a.m. to 7 p.m.). Food and water were available ad libitum. Rats were divided into experimental groups of 6 animals each (3 males and 3 females). Pothomorphe umbellata extract was administered in a single dose of (0.5 ml, p.o.) at concentrations of 500, 1000 and 1500 mg/Kg, chosen on the basis of the LD 50 of 2000 mg/kg as determined by Perazzo et al. (2005) . The negative control group received distilled water. The positive control group received cyclophosphamide (50 mg/kg, p.o.) . Animals were sacrificed 24 h after the treatment. A femur bone was then excised and their bone marrow flushed into test tubes using a syringe. For the micronucleus (MN) assay, the bone marrow cells were prepared as recommended by Schmid (1976) . The slides were coded, fixed in methanol and stained by Giemsa solution. Two thousand polychromatic erythrocytes (PCE) from each animal were scored for MN presence. The ratio of PCEs to NCEs (normochromatic erythrocytes) was determined in the same sample to describe a cytotoxic effect.
The Single cell gel electrophoresis test (SCGE) was carried out by the method described by Speit and Hartmann (1999) , which is based on the original work of Singh et al. (1998) and includes modifications introduced by Klaude et al. (1996) as well as additional modifications. 24 h after the treatment liver and peripheral blood cells were taken. Liver cells were washed in saline solution, in an ice bath. A small portion was transferred to a Petri dish containing 1 ml of Hank's solution (pH 7.5) and then homogenized gently. A 10 ml aliquot of the liver cell suspension and peripheral blood, separately, were mixed with 120 ml of 0.5% low melting point agarose at 37°C, and rapidly spread onto microscope slides pre-coated with 1.5% normal melting point agarose. Coverslips were added and the slides were allowed to gel at 4°C for 20 min. The coverslips were removed gently and the slides were then immersed in cold, freshly prepared lysing solution consisting of 89 ml of a stock solution (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, pH set to 10.0 with ϳ8 g solid NaOH, 890 ml of distilled water and 1% sodium lauryl sarcosine), plus 1 ml of Triton X-100 (Merck) and 10 ml of DMSO. Protected from light, the slides were left to stand at 4°C for 1 h and then placed in the gel box, positioned at the anode end, and left in a high pH (Ͼ13) electrophoresis buffer (300 mM NaOH per 1 mM EDTA, prepared from a stock solution of 10 N NaOH and 200 mM, pH 10.0, EDTA) at 4°C for 20 min before electrophoresis to allow the DNA to unwind. Electrophoresis run was performed in an ice bath (4°C) for 20 min at 25 V and 300 mA. The slides were then submerged in a neutralization buffer (0.4 M Tris-HCl, pH 7.5) for 15 min, dried at room temperature and fixed in 100% ethyl alcohol for 10 min. The slides were dried and stored at least overnight before staining. For the process of staining, slides were briefly rinsed in distilled water, covered with 30 ml of 1ϫ ethidium bromide staining solution prepared from a 10ϫ stock (200 mg/mL) and covered with a coverslip. The material was evaluated immediately at 400ϫ magnification, using a fluorescence microscope (Nikon) with a 515-560 nm excitation filter and a 590 nm barrier filter.
Scoring procedures and data evaluation
The extent and distribution of DNA damage indicated by the SCGE assay was evaluated by examining at least 100 randomly selected and non-overlapping cells on the slides per each treatment. These cells were scored visually according to tail size into four classes (Fig. 1) , as follow: (1) class 0: undamaged, with no tail; (2) class 1: with a tail shorter than the diameter of the head (nucleus); (3) class 2: with a tail length 1 to 2ϫ the diameter of the head; and (4) class 3: with a tail longer than 2ϫ the diameter of the head. Comets with no heads and images with nearly all DNA in the tail, or with a very wide tail, were excluded from evaluation because they probably represent dead cells (Hartmann and Speit 1997 ). The total score for 100 comets was obtained by multiplying the number of cells in each class by the damage class, ranging from 0 (all undamaged) to 300 (all maxi- 
mally damaged).
Statistical analysis
The data obtained on micronucleus and SCGE assays were submitted to One-way analysis of variance test (ANOVA) and the Tukey-Kramer multiple comparison test (Sokal and Rohlf 1995) , using the GraphPad Instat ® software (version 3.01). Results were considered statistically significant at pϽ0.05.
Results and discussion
Investigations into the nature of DNA damage and repair have provided valuable insight into aging, human genetics and cancer (Singh et al. 1990 ). The alkaline Comet assay (SCGE) is increasingly used in industrial genotoxicity testing in vitro (Rojas et al. 1999 , Hartmann et al. 2001 and has also been an important tool to evaluate genotoxic potential of compounds in vivo (Rojas et al. 1999 , Sekihashi et al. 2002 . In the present study, we performed SCGE and micronucleus assay, an efficient method to detect clastogenic and aneugenic compounds in the environment (Schmid 1976) . Three concentrations of the P. umbellata extract were tested in vivo in the present study. Tables 1, 2 and 3 show the effects of a 24-hour treatment with the extract on DNA migration in liver and peripheral blood cells on the comet assay, and analysis of micronucleus on bone marrow cells, respectively.
As expected, partial repair of the DNA crosslink agent cyclophosphamide used as positive control lead to some fragmentation and migration of the fragments in the SCGE assay in liver and peripheral blood cells (Tables 1 and 2 ). No significant effects on DNA migration were found at the 3 extract concentrations tested in liver cells. Despite the few increase of the total cells with damage and the scores observed in all animal groups treated with the extract, the results did not differ significantly from the negative control. When cells were exposed to the test extract, most cells examined on slides were undamaged, few cells showed minor damage (class 1) and very few showed a large amount of damage (class 2 and 3). Furthermore, there was no significant difference in DNA migration among the three extract concentrations tested (Table 1) . However, on peripheral blood cells significant effects on DNA migration were observed at the three extract concentrations tested. Though the majority of the cells had shown DNA with no damages, a significant increase in the number of cells with minor damage (class 1) was observed when compared with negative control. Very few cells showed a large amount of damage (class 2 and 3). Also in this analysis, there was no significant difference in DNA migration among the three extract concentrations tested (Table 2) .
Most biotransformations by a detoxication process may involve many oxidative reactions which produce reactive metabolites able to induce genotoxic effects or, on the other hand, metabolites that can protect the cell against mutagens (Hodgson and Levi 1997) . The different DNA migration pattern between liver and peripheral blood cells observed in our study probable occurred due to differences in the metabolic process of the some compounds present in the extract. Several studies have demonstrated the occurrence of differences in DNA damage by the comet assay when multiple mice or rat organs were compared after the same chemical compound administration (Sasaki et al. 1997 , Tsuda et al. 2000 , Sekihashi et al. 2002 .
The evaluation of clastogenic potential of the P. umbellata extract revealed no enhancement in the mean number of micronucleated PCEs at any dose of the extract tested (Table 3 ). In contrast, cyclophosphamide administered as positive control (50 mg/kg) showed a significant increase in the mean number of micronucleated PCEs.
The PCE/NCE ratio was significantly increased after treatment with 50% and 75% DL50 of the extract (PϽ0.001) when compared to PCE/NCE ratio observed in the negative control, indicating that the P. umbellata extract does not present cytotoxic properties, but, on the other hand, induce an increase in the mitotic index at high concentrations (Table 3) .
Under the test conditions, SCG test indicates that P. umbellata extract did not induce DNA damage in liver cells of Wistar rats in vivo, and the micronucleus test indicates the extract did not present clastogenic effects in bone marrow cells. These findings are in agreement with the absence of mutagenicity of P. umbellata extract observed by the Salmonella/mammalian-microsome assay (Felzenszwalb et al. 1987) . On the other hand, the comet assay indicates that P. umbellata extract 404 Cytologia 70(4) N. S. de Andrade et al. has induced DNA damage in vivo in peripheral blood cells. Other potential mutagenic effects of this extract require further investigations.
